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QENESJ?OR^^ 

CARBOJttlJ^TII^ 
DEVELOPMENT OF PATHqGE^ANPJTR^ -RESISTANT PLANT S_ 

ngiNO THE GENES 



TechnicalEisli 

The present invention relates to a novel gene for jasmonic ac.d carboxyl 
methyltransferase (S-adenosyl-L-methionine: jasmonic acid carboxyl 
methyltransferase) and a novel jasmonic acid carboxyl methyltransferase protein 
synthesized therefrom, and more particularly, to a phytopathogen-, harmful insects 
and stress-resistant plant transformed with an expression vector containing the gene. 

Background Art 

It has been known that the jasmonic acid (JA) and the jasmonic acid methyl 
ester (JAMe) are a family of compounds mediating the defense responses to wound on 
the plant due to physical damage or harmful insects or invasion of phytopathogemc 
organisms, as well as a growth regulating material widely present in various kind of 
plants (Creelman and Mullet, Annu. Re, Plant Physiol. Plant Mol. Biol 48:355-381, 
1992) In addition, it has also been noted that such resistant reactions are comprised 
of very complicated signal transmitting network (Glazebrook, Cur, Opin. Plant Biol. 
2:280-286, 1999). 

When the plant is infected with phytopathogenic organisms such as viruses, 
bacteria and fungi, the pathways which recognize and react against such infection in 
plants can be generally classified into the following two pathways: one is the pathway 
mediated by salicylic acid (SA) and the other is the pathway mediated by JA. It has 
been known that these pathways involve a chain reaction of many kinds of genes and 
proteins Although it has been known that the reaction pathway resistant to the wound 
by harmful insects is generally mediated by JA, the reaction pathway resistant to virus 
is generally mediated by SA, and the reaction pathway resistant to bacteria and fungi 
is generally mediated by SA or JA specifically depending on the kinds of 
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p h y t opathogens; however, this Caseation is no, abso.me (Reymond and Fanner 
Zr Opt. Plan, Biol , 404-4... .998). Sneh reactions ean afiow .he 
withstand s.imu.a.,ons caused by phyropathogens and harmfid insects .hrough a 
systemic response diffused throughout .he whole plan, body as weU as .tad 
response rapidiy occurred in .he damaged and infectious region (Dumer e, a,.. Trends 

Plan, Sci. 2:266-274, 1997). 

,„ such a reaction, SA stimulates a series of genes, such as PR-1 
(pathogeneses re«a,ed pro.etn-.), PR-2 and PR-S. .o tnduce .he expression of 
corresponding proteins, .hereby allowing .o occur a system.cally acqutred res.stance 

stim u,a.es a series of genes, such as PDFU (plan, defenstn), PR-S and 
( vege«a.,ve storage protein), .o induce me expression of correspond protetn 
(Pelinckx e, a,., Plan, Cell 8:2309-2323, .996). Recentiy, i. has been reported . ha. 
some symbiotic fungi build an induced systemic resistance reaction through JA 
synthesis (Piererse e, a,., Plan, Cell 10:157.-1580, 1998). JA transmit a stgnal from 
.he region damaged by harmful insects or phystcal causes, and as a resuh afiows he 
plant i build a resistance .0 .he damage in .he whole body as well as the nrfected 
region. However, among genes induced in said reactions, some genes such as P,n2 
(plinase inhibt.or .1) may be induced by both SA and ,A, and therefore, such 
Location of .he reststan, reactions is no. specific*!* absolute. Thus, ,. has been 
accepted .ha. any correlation between signa. .ansmtssion pathways — S 
reactions may be presen, (Reymond and Farmer, Curr. Op,, Plan, BioL 1:404-411, 

1998) 

' In the prior art, as an effort in the molecular breeding field <o obtain ,h= plan, 
resistant .o phytopathogens and harmfitl msec* through introduction and express,™ 
of recombinant genes, i. has been at.emp.ed to use one or two 

reactions, such as Pin2, PRS or PRS. As a result, although p.ams may acqurre some 
re sis«ance to P hy.opathogens and hatmfttl tnsects, mis acquired resistance ,s 
applicable to a .tented number of pathogens and insects (Zhu e, a,., — 
,2-807-812 1994). Meanwhile, i. has been reported una, when ArabUopsu speces 
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A f PR n een e which is recognized as one 
c ™\th NPR1 (non-expresser ol rKl) gene, 
are transformed with Nftu f become somewhat 

lotorc in SA sienal transmission pathway, they oecoinc 
of the important regulators in bA signal 

«, naratitica and Psew^omonas jynngae (Cao et at., r 
resistant to Peronospora parasitica anu 

after exlemaUy sprang SA or IA. How . , ^ ^ ^ ^ 

, very low, the study has been made usmg JAMe, wh, & . 
after being penetrated into .be plan, (Fanner and Ryan ^ 
«.7713 7716 1990). Fnrthemrore, .he dis.ribut.on patterns of JA and JAMe p 
87:771J-//to. materials cannot be 
tissu es do no. d.ffer much from each other s M Urese ,wo 

distinguished from each other (Creehnan and MuUe, "^"^ 
,„.,„,„«, ,992) Moreover, in .he prior art, since JM 1 enzym y 
, Mo/. JM 48.355-381, 1992). ^ ^ ^ K ^ 

of synthesizing JAMe from JA have Howe ver it has been 

meJbohsm and function of .b,s m,ena, has never been m^ Howev*, 
.ported ma. JAMe, wh,ch , more vo.attle, can move to£ - £ 
4lS ease— . reaction of other £ ^ d , sease - 

on 87-7713-7716 1990). Therefore, a possibility that JAMe wn 

20 « — which ft.ne.ions a. a low — ,on, canno. he 

eXC ' Ude Thus by paymg attentton ,o .he relationship be,ween .he eoncenttatton of SA 

and ja ::. n - . - — - r :c 

25 an increased SA concentration in .he be* such « ^ the 

«/. oc<« (aeeeJerated ceH death 2), has been condn <ed H 
mut an. having a eon,s,en.,y .nereased SA concenttatton 

30 r::"- ,e heigh, of .he mu,„. — — 
ageing pbenomenon has appeared (Greenberg « ol., CeH 77.551 563, 
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et al, Plant Cell 7:2013-2022, 1995). concentra tion in the 

However, the mutant having consistently increased JAMe concentr 

. m therefore the study to increase the resistance to the 
body has not heen .nown yet, and therefor^ -J ^ 

damage caused by phytopathogens and ^ synthase) genes , 

been conducted. It nas oeen whereas 
the expression of disease-resistant genes sueh as P,n2 was no 

- — w Trr ^ » 

1995^) Furthermore, when gene is ovc y 

ag ai„s, the damage was no. dtsfngutshed to-*. oH P ^ 

plmt (Wang e, a,., Mo/. W. 40: 83-793, W ^ rf 

* ,tn«lA J A ereatly affects to development, dillerentiauon 
15 contrary to SA, JA greatly ^ ^ over . expresslon 

aeveiopment, dtrTerentiauon and metabo.ism of plant, as w.< hS£ 

iw. the oresent inventors have extensively studied the ertect 

Thus, the pre e ^ , novel 

plants and, as one of the result ^ 

substantially no side effect-thus, completed the present invention. 

30 QisclQSiiis^ay^nl^ jasmonic acid 

The object of the present invention is to provide 
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*w;*it,a TAMe involved in the resistance against 

rsrrr rr=. - — — - - — 

ttnsB enic plan, and then, over expressing said gene, and ro provrde me 

aci d carboxy! meury—e, more partly ,MT enzyme havmg an am.no actd 

, 0 of Senuence ID No. 3 isolated from Arabidopsis. 
^ - presen, — provide, a cONA gene rep— by 

Secnenee ID No. 1 eneodmg saidjasmonic aeid carboxy. medryteansferase proKm 
a Lhermore, me presen, invention provides a recombinan, veetor 

bv inrrodlg said gene in«o an expression vec.cr for p.an« —anon; a method 
I "I n a rransgenic p,an, wbieb over-expresses a gene for Jasmome acd 
^mely.— — " 
and a method for enhanotng a plan, resistance agatnst stress and damages by 
20 phytopamogene and harmful insects nsing said transgemc plant. 

BrkUiBiZie^^ a . s of the present invention will become 

The above objeets and other advantages of the present m 

more apparent by describing in detail of preferred embodiment thereof wtth references 

25 to attached drawings, in which: ic acid carb „xyl 

Figure 1 shows the structure of cDN A clone pjtvi i 

me ,hyl.ransferase (JMT) Coned from ***** « — ** 

enzyme according ,0 me presen, invention is inserted into ***** 

FVre 2 shows the amino acid sequence of prote.n denved from cDNA ge e 
30 of JMT enLe doned from ***** *«~ in companson ,0 the ammo ^d 
eZ- o Xro,ei„ derived from S.Mr as a gene for Known sahcyhc acd 
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„ly,transfera se (Accession No. AF133053; Ross e, al, 1999). In Figure 2 , AtJMT 
denX JMT enzyme of **- - SAMT ^ ^ "* 

methyhWsferase of Clarkia breweri. 

Xmre 3 shows the structure of recombinant gene pGST-JMT for express.on 
of JHrX* the form of a fusion protein with glnthatione transferase by inserttng 
JMT gene il P GEX-2T as E. coU expression vector. In Figure 3, Ptac denotes tac 
promoter and\e underline mdica.es the nueieot.de and ammo acid fences of 
amino terminal \ JMT constituting the fusion protein. 

Figure 4 shows the purity of fus.on protein as measured by express.ng 
recombman, gene pGST-JMT in E. coU BL21 in a large quantity, separating the fus.on 
enzyme protein ,„ a purified state and men analyzing the purity of fus.on proteut by 
JL of SDS-electrophoresis. In Figure 4, lane I is a mariter for pro,e.n mo ecula 
W eight; lane 2 is .5 pgof a total protein of,. coU BL2,/pGEX-2T; lane 3 ,s 15 pg of 
a .otal protein of E. coU BL21 transformed with pGST-JMT vector conta.mng JMT 
gene according to the present invention; lane 4 is 5 pg of rite e.uate from gluthatmne 
agarose column; and lane 5 is 5 pg of the eluate from Superdex 200 column. 

Figure 5 shows the result obtained by reacting recombinant enzyme prote.n 
OST-JMT as separated in a purified state with jasmonie acid (IA) and S-adenosyl 
methionine (SAM) as the substrate and men identifying Ore syn,hes,s of Jasmomc ac.d 
, methyl ester (JAM.) by means of gas chromatography and mass spectrometry. 
F.gure 5, A .s the analys.s result of lAMe and B is the analysis result of enzyme 

reaction product. rCTMT.resJA 
Figure 6 is a graph showing that the fusion enzyme prote.n OST-JMT uses 1A 
anu f C]SAM as the substrate to specifically st.mu.ate the methy.ation reaction as 
5 idenufied by examtning a spee.ficity of the reacfions of fusron enzyme protem GST- 
JMT separated above with various compounds. In Figure 6, Con denotes the result of 
enzyme reaction only with [ 14 C]SAM without JA as the substrate ;S A denotes the 
res!,, of enzyme reacfion with salicylic acid and [ M C]SAM as the substrate, JA 
oeno.es the result of enzyme reaction with ,A and [ l4 C]SAM as the substrate; and B A 
3„ denotes the result of enzyme reacfion with benzoic ac.d and f'CjSAM as the — . 

Figure 7 is a graph showing .he result obtained by exammmg [ C]JAMe 
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production using crude prorein exrract obtained from leaves of transgentc and 

wild type ***** Mi*-*- Figure 7, rndicates the crude protein extract from 
transgenic plan, and indicates the crude protein extract from wild-type plant. 

Figure 8 shows the structure of recombinant pCaJMT gene constructed by 
inserting JMT gene into expression vector pBIlZl for plant transforation, wheretn 
CaMV denotes cauliflower mosaic virus (CaMV) 35S promoter. 

Figure 9 is the result obtained from genomto Southern blot analysts for 
defining whether JMT gene is correctly inserted into transgenic Arabics* 
thaliana. In Figure 9, lane W is a wtld-type Arabidopsis Mian., lane T ts 
rransgenic An**** **-«. CaMV ts the result using CaMV3 5 S promoter 
sequence as the probe, and AtfMT is the result using JMT gene sequence as the probe. 

' Figure 10 is the result obtained from Northern blot analysis for identifying 
whether transgenic Arabidopsis thaliana over-expresses JMT gene (1, 2, 3) and 
expresses plan, resistance-related genes induced by jasmonic aoid. In Figure 10 lane 
W is a wild-type Arabidopsis thaliana, lane T is a transgenic Arabidopsis thaliana, 
AOS tndicates the probe gene for allene oxide synthase, DAHP for 3-deoxy-D- 
arabino-hepnrlosonate 7-phospha.e synthase, ]B2 for jasmonate response protent 2, 

, . . „ , nvir f or liooxveenase U and VSP for vegetative 
JR3 for putative amtnohydrolase, LOXil tor npoxygcii^ 

storage protein, etc. 

Figure 11 is a photograph showing the result obtained by inoculatmg Beryls 
cinerea as the causative organism of gray mold ro, on transgenic and wtld-type 
Arabidopsis thaliana, and then examining a resistance of plants against fungal dtsease 
wherein the left one shows the result of wild-type Arabidopsis thaliana and the ngh, 
one shows the result of transgenic Arabidopsis thaliana, 

p.., Mads for rnrriinr Qui ■*» invention 

Hereinafter, the present invention will be more specifically explained. 
In the present invention, the term "jasmonic acid carboxyl methyltransferase" 
is used as the generic term referring to an enzyme having an activity ,0 synthesize 
„ JAMe by transferring methy. group ,0 ,A. In addition, the term "JMT enzyme refers 
to a novel enzyme protetn originated iron, Arabidopsis, which is firs, identified in the 
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pres em invention, as one of said "jasmonic actd carboxy, methyUransferase". A gene 
encoding said enzyme protein is designated as Wgene" hereto. 

b the present invention, a nove. JMT enzyme gene was tsolated from 
Mahrdposis and was confirmed fiom determination of i, base sequence that t, has 
, , ,70b nucleotide sequence encoding 389 amino acids. Firs, c38 done specfica, y 

a A frATn cDNA library prepared from flower of 
exnressed in nectary was screened from cUMA norary v v 

ZZ cabbagebymeansofahybrtdtzatton method. ™.P—-J-^ 
4,6 bp. Therefore, ,« was found rha, it is a partial clone of gene specfi ally expr ssed 
,„ Jtary but the fimcfion thereof cou.d no, be identified. Thus, a done s.mt.a to 
10 38 was screened fiom cDNA library of to**** using said c38 done as probe. 
„. done has a «... length of .,476 bp, contains successive ,3 adenoses at 3 - 
Lna, and a translation star, codon AUG a, me ,5' base pan poin, from SMermma 

terminal a In v ; ew 0 f such structural 

and encodes successively 389 ammo acds over 1,167 bp. In v e 
characteristics, i, could be no,ed ,ha, ,his selected cDNA done » a fitU-lengu, cDNA 
15 done This clone was revealed as jasmonic acid carboxyl methyUransferase gene as a 
" , of funcnona. analysts accordmg ,o ,hc me,hod desenbed hereinafter, and was 

named pIMT. Tft.s done pJMT was deposhed wi,h ,he Korean CollecUon for Type 
Cultures on May 29, 2000 under accession number KCTC 0794BP. 

JMT enzyme encoded by said gene has 389 amino adds represented by 
20 Se q uenceIDNo.3andamolccularwcightof43,369Da. 

TO examine the acfivity of said enzyme, NCBI gene database was searched 
As a result, JMT gene has no similarity to the gene for SAMT (sahcyhc acd 
LyUrans erase) a, a base level whereas JMT enzyme protein shows 43% homo ogy 
with SAMT enzyme a. an amino acd level. However, according to the ream of gas 
25 chromatography and mass spectrometry after reactton of SA, M . stm~ 
acid <BA) and SAM using recombinant enzyme protein, ,« could be tdenttfied rh a. 
JMT enzine does subs«a„„a„y no, reac, with SA and BA bu, shows a ,gh «acl,v 
wi ,h ,A, and therefore, is an enzyme having differen, aCtvt.y from SAMT. In 
adduion, according ,o me resu., of gas chromatography after reachon of sat 
30 tecombinant enzyme protein wtftt IA and SAM as ,he substrate, the — 
was detected after the same retention time (11.7 minutes) as the standard lAMe and 
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a,so has the molecuiar we.gh, of 224 .dentica, .o ma. of .he s,andard JAM. 
Therefore, i. could be iden.if.ed that .his JMT enzyme is jasmonrc acd carboxy 
Krernyhransferase which synthesize JAMe as one o, major flavoring mgredren, o 
flow! by using SAM of fom.u.a . and JA of formula 2 as me substiates .o transfer 
methyl group to JA: 



I 1 



t. 




(I) 




(II) 

The activity and gene of such jasmonic acid carboxyl methyltransferase were 

never been disclosed heretofore. 

in .he present invention, me kinetic parameters of enzyme were mvest.ga.ed 
m order .o identify me characteristic features of sard novel JMT enzyme. As a resu.. 
it waS determined ma. K. is 6.3 uM, V. is 84 nmole/mm., K,» is 70 r , and 

1U ^ the present invention, in order to obtain JMT enzyme in a large quantity 
15 JMT enzyme was amplified by polymerase chain reaction using otigouuc.eoudes 
represented by Sequence !D No, 4 and 5 as a primer and cDNA clone as a temp,*. 
The amplified gene was cleaved with restriction enzyme EcoRX and .hen mserted ,«o 
PGEX-2T as E. coU expression vee.or treated with .he same restiietion enzyme. The 
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i 'A n n*T TMT was transformed into E. coli BL21, and 
resulting recomb hant plasmid pObl-JMi was u<u» 

I^eLns transformer, strain was inched ,0 produce the reconrbtnan, pro,e,n ,n 
a large quantity, which was utilized in the subsequent experiment 

Further, the present invention provides a transgenic p.an, transfomted 
expression vector contatning jasmonic acid carboxy. ntethyitransferase gene. The 
I genie plan, hansfomted with an expression vector eontatning jasntonte a 
Hy, memyhransferase gene aecordtng to the present invention conststendy 
LxUs a gene for J— acid crhoxy, -M— W» ^ 
whole plan, body .0 exhibi. a strong resistance against damages caused by vanou 
Imogens Lending viruses, baetena and fhngi, or tnsects and further agatnst 

the defensive reaettons against wound or phy,opa*ogen,e invasion ,n p.ants. The 
pun, —ed win, a gene for jasmonic acid earboxy, me,hy,«ransferase aec . 
„ the present invention constantly expresses the resistanee^ated genes tndu e^b 
ueahnen, with JA or JAMe, for example, numerous genea «^ 
(jasmonate response protein 2), JRS (pu«.ive am.nohydro.ase), DAMP (3 deoxyD 
rabinohep— 7-phospha,e synthase), UW, VSP. etc Therefore, e^ 
noted tha. me effee. of plan. «ransfom,ed w,.h a gene for jasmomc a ,d ca box 1 
, meutyuransferase is simUar «o ,ha, ohtatned from externa. hentmen, wuh JA or JAMc 
By transformtng the plan, with an expression vector containing jaamomc actd 
carboxy. memy.hansfe.ase gene, ,he p.an. body can have a resistance agauts, damages 
caused by phytopathogens and hamtfu. insects inc.udmg genera, hanga. dtseases, 
Lena, dill, vira, diseases or damages due ,0 ham*, insects, Has 
, 5 cterta, ,eaf bhght, fa,se - and .eaihopper in r,ce p.an, scab in bar ey; brown s^o 
in matze- mosatc dtsease in beau p.ant; mosaic d.sease in potato; .ate bhght and 

cabbage and radish; bacteria, blight in sesame; gray mo.d ro, and w„« dtsea e m 
Iberry; ~ wi.t in waterme.on; bacteria, wi.t in tomato; pow cry mt.dew 
30 " downy mi,dew in cucumber; tobacco mosaic in tobacco; ft— - - - ' ■ 
00, ro, in ginseng; angu,ar ,eaf spot in cohon p.an,; anthracnose and gray mo.d ro, m 



- 10- 



O H tf^L S 7" » O ife A 3 O S 

PCT/KR01/00953 
ISA/KR i3.io.200i 



10 



M trees including app.es, pears, peaches, Kiwi Srape and ctn* ->-- 
apple . witches' broom in jujube ,re=; powdery mildew and rus, m forage crops 
ntding ryegrass, red Cover, orchard grass, alfalfa, etc, gray mold rot and w,U 
Planfs mOudmg rose, gerhera, carnation, etc. Mac, spot ,n rose; 
m osaic disease in gladiolus and orchids; stem ro, in lily, and the hke. 

Since the transgenic plant transformed with a gene for jasmontc aetd carboxy, 
^transferase does not occur adverse effect on plant grown, whtch may occur m 
having a consistent mcrease of SA concentration in plan, body, t.e. problem 
mm or plan, length and ear,y ageing phenomenon, in app.ying to econom, a, 
lops i, is more effective than the use of mutants having an metered SA 
concentration in plan, body or translation with enzyme genes mvolved ,n 

^Tl^rle fcc, - , S wide, presen, in various plants, 
widely present in various plants. Tnereiore, g 

t0 th e present invention can be effectively used in searching simdar 1— - 
carboxyl methyhransferase protein and gene encoding the same from vanous p.anta 
usm S JMTgeneofthepre S entinventionaccording.ott.ekn 0 wnme,hod. 

8 Tulermore, i, is considered that the resistance of transgenic p an agamst 
, damages caused by phytopamogens and harmful insects is denved from he 
"on of expression of numerous resist genes by fAMe, as a medtator of pUn 
Lease-— reaCions, wh.ch is produced by the activity of .asmontc 
carboxy, methyhransferase, rather than from a gene for jasmomc aede r 
.nethyhransferase Useff. .n view of mis, it is determined that as long as the genes 
, 5 Toe «he Proteins having such enzymatic activity, as well as the gene according to 
h present nvention they can also be utilize, in producing transgenic plants havmg 
1 Leased resistance and further, provides a similar resistance agams, var,ou 
am ges caused by pathogens and harm,, insects by prepanng the —tan wnh 
said genes and then transforming the plan, with the recombinant, wtthou, any 

limitation on the kinds of plants. 

The method for producing a transgenic p.an, transformed w,th satd gene for 
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The method for producing a trans 
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]a smonic add carboxyl methyhransferase can be practiced according to .he known 
ZL. SpecificaUy, .he recombinant plasmid easing a gene for jasmon.c a d 
rlxyi methyuransferase can be constructed ustng .be known vector for p.an. 
;i,„„ as L basic vector. For this purpose, «— btn„ oo- 
integration vector or a common vector designed so as be expressed » plan, but 
containing T-DNA portion can be used. 

Among them, as .he binary vector is a vector contatmng left border and r,gb 
border in a size of about 250 bp, wbicb are invo.ved in the infection of foreign gene, 
in T-DNA for transformation of plan,, and a promoter portion and po.yadenyfcbo 

portion for expresston in the p.ant body therein can be use,. Preferab^ 
Zry ve^or addition* — a selection marker gene such as kanamyom 
ZL gene. As the marker gene for selectton of transgentc p.an, betbtcde-rests a . 
2 Z me<aboHsm-re,a«ed genes, .uminescencc genes (luetferase), genes rotated to 
£L propert.es, GUS ^-glucuronidase, or OLA (P-ga.actos.dase, genes, etc. can 
a,so be used in addition to antibiotic-resistant genes as mentioned above. 

According the preferred embodiment of the present tnvenfon, a vector f r 
plant transformation pCaJMT is constructed and used by inserting 
Li site of pBI121 vector having kanamycin-resi S .a„. seiecbon gene and cauhflower 

mosaic virus (CaMV) 3 5S promoter. 

,„ case of ustng binary vector or co-integration vector, stratns 
(^c^—ted transformation, can be used as the microorganism sftant or 
Jan , transformation into which said recombinant vector is unreduced, and mclude, 
for example, AgroiaCenum Kmefaciem or AgrobaCeriun, Mogenes. 

Lrnatively, when vectors no, containing T-DNA portton are use , 
8 electroporation, micropartic.e bombardment, polyethylene g.yeol-media.ed uptake, etc. 
ean be used in introducing the recombinant plasmid into plants. 

to one embodiment of the present invention, recombinant p.asmtd pCaWT 
wherein JMT gene was inserted into W site of ,8112, vector having kanamyen- 
resistan, selection gene and CaMV3 5 S promoter was transformed into Agro ta-r» 
CSSC1 according to flora, dip —tie, Thereafter, me flower ^k w 
versed in said cuHure solution for transformation, placed ovemtgh, m .be 
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immersed in said culture solution for trai 
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and then incubated. The seeds were co.,=c«ed .herefrom and screened ,0 se.ec, * 
resis,an, hansformants, which were .hen transp.an.ed .o a soil, .hereby obtamm * 
second-generation seeds. The obtained seeds were agatn screened to se.ec 
second-generation seeds, which do not produce kananrycin senstttve ,nd,v,dua.s, 

which were used in the experiment. 

Firs, in order to identify whether the foreign recombinant gene » correctly 
inserted the genom.c Southern bio, analysis was conducted using JMT gene as the 
I As the resuh .hereof, one gene having a length of about 6, kbp wh,e ,s 
ortginally presen. in ***** was iden.if.ed in the wild type plan, whereas ,wo 
, OKA sections hav,ng lenglh of about 2.0 .bp and 0, kbp were further observed. * 
ttansfonnant, It could be seen ,ha, these DNA sections are ongmated from JMT g « 
used for hansfonnafion (HMDI si,es are presen, on the upstream of promote, and * 
downstream of protein-e^ing she). They were again hybridized w,th CaMV35S 
promoter site present only in recombinant gene as me probe. As a resuU, ,, could be 
15 ,dent,f,ed ma, only me —an, con,ai„s ,he gene seouence hav.ng a ^ength o 
about 2.0 kbp as expected, and thus, one recombinant gene was stably msetted m,o the 

'"""her, whether transgenic AraMopsts overexposes JMT gene or no, was 
identified by means of Northern blot analysis. As a resu... i, was identified that only 

nrr oene and particularly, consistently expresses 
20 the transformant expresses JMT gene ana panic y, 

numerous genes ine.uding resistance-related AOS, JR2, LOX1I, VSP, e,c, whtch « 
nduced when the plan, is exlemaUy treated with JA or JAMe. This suggests ma, fine 
effect mduced by the expression of JMT gene transformed into .he p.an, .a s,m,lar ,o 
that induced by the external treatment with JA or JAMe. 

According to another embodiment of the present invention, fire causae 
pathogen of gray mold rot was inocuiateo on said transgenic plant As a result, ,t has 
been confirmed that about 4S hours after spray inoculation the 
complexly d,ed whereas the transform, did substantially no, occur any change 
However, in case of the pathogens belongmg ,0 Phyfium genus, ,. has been reported 
30 tba, the treatment with JA even a, me level of 130 pM has no effect on fine growth o 
pathogen (Vijayan e, al., Proc. M* Aca<,. Sc, 95:7209-72,4, ,998). Therefore, „ 
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can be seen «ha, a theory by which JUT gene transform, exhib.ts a reststance 
against pathogen is that JAMe produced by JMT enzyme induces the expression of 
I s Ltlce.re.ated genes, rather than ma, JAMe synthesized in the p.an, b«iy 
direCy inhibits the growth of pathogens. Thus, the fact that the hansgentc i t 
, transformed with JUT gene occurs a consistent expression of 

Led genes by JAMe suggests that JUT gene can be utilized m prov, *ng ^d 
spectrum resistance against phytopathogens, harmfu. insects and stress for the pian, 

^ ,„ another embodiment of the present invention, said transgenic AraMopsis 
10 transformed with JMT exhibited a consistent resistance when i, is treated wttb 
bacterial phytopathogens, viruses and harmful insects. 

According to further embodiment of the present invention, vanous plants 
inching nee plan, tobacco, potato, citrus, Waterloo, cucumbe, etc. was 
ttansformed using recombinant JUT gene and then treated w,«h vanmt 
15 phytopathogens inc.uding causative organisms of blast, tobacco mosatc vtnrs (TMV), 
1 b igh, of potato, gray mold rot in citrus, A-*- win in watemre.on downy 
lew in culher, etc., and hanum, insects. However, a„ of transgentc p,an, S 
transformed with recombinant JUT gene consistently exhibited a resistance. 

in another embodiment according to the present invention, satd transgentc 
2 0 An*** -nsformed with JMT gene was examined for its drought resistance, sal, 
UL and cold resistance. As a resuU .hereof, has been found that tmnsgen, 
p,an. consistently exhibited a significant resistance in eompanson to the non- 
Lsforuted w„d type of plan,. Therefore, „ can be seen ma, "^lan 
transformed with a gene for jasmomc acid carboxy, methyltransferase exhtbms . 
25 Zs tance aga,ns, various stresses including low ,em P era,ure, wa,er deftcency, htgh 
2 concenLion, e,c. as well as a resis,ance agains, various damages caused by 

ohvtopathogens and harmful insects. 

Fulr me planls transformed with JMT gene do no, occur a stgntftcan, 
dtfference from me non-transformed wi.d ,ype of plan,s tn view of men general 

30 "^SL^— 
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th e sample, .. wi.1 be apparent ,o a person skil.ed in Ore relevant .echnica, field .ha, 
the following examp.es illus,ra.e fire reaehings of .he presen. inve„.,on and are no. 
intended as limiting the scope of the invention. 

Example 1. Coning of jasmonic acid carboxy. me t „y«ra„ S ferase gene pJMT in 

^'"'""'Z seeds ofAraMJopsis M. ecorype Co.-O to be nsed in the experiment 
W ere cn.fiva.ed in a greenhonse, and .hen various .issues were colleCed. rap.dly 
refrigerated in liquid nittogen and .hen stored a, -70°C nn.il tirey are used. 

,„ order .o isolate a gene specifically expressed in flower of me p.am, a 
cDNA library was prepared from flower of Chinese cabbage using plasmrd pUC 
(Pharmacia, Sweden) according » me known memod (Choi e, a,., J. Korea, A S r, 
cl Sol 36:315,,,, 1,93). Then, a .Ca, RNA was exceed fiom respe,,ve 
flowers and leaves according ,0 .he method described by Chomczynsk, « - (1987) 
and then po,y(A)« RNA was separa.ed using o,igo(dT) column chromatography from 
which .he firs. CDNA probe was syn.hes.zed by RT-PCR (reverse tt anscn P «ase - 
polymerase chain reaction). By means of a differential hybridization usmg [ P> 
abeled cDNA probes prepared from flowers and leaved, respective.* clone c38 
which is specify expressed only in flowers was screened from **™£T 
of Chinese cabbage flowers. However, since .his gene has only a .engfi, of 416 bp « 
was found .ha. i. is a partial clone of gene specifically expressed m flowers of Chmese 
cabbage but the function thereof could not be identified. 

To study fire charac.ens.ic features of said gene ana.ogous genes were 
screened in ***** using c3S Cone as .he probe. Clone plMT oHained by 
screening cDNA hbrary has <he amino acid sequence represented by 

Sequence fD No. 2 having a ft... leng.h of 1,476 bp, and contains successtve 13 
alines a. 3Mermina, and a tianslation s.ari codon AUG a, fine .5* base pa.r^om. 
from 5—. Furfirer, 1. encodes successively 389 amino acids (molecular we.gh. 
43 369) represemed by Sequence ID No. 3 over 1,167 bp from sard .rans.ation s.ari 
codon in view of such sectoral characteristics, i, could be no.efi fita. tin, se.eo.ed 
cDNA clone is a fid.-lengm cDNA clone. This clone was revealed as jaamomc ae.d 

- 15- 



30 



37" .061302 



10 



PCT/KR01/00953 
ISA/KR i3.io.200i 



carboxyl methyltransferase gene a S a result of functiona. analysrs accordm 
m ,hod described hereinafter, and was named pJMT of which «he struck » deptcte 
Tn Figure I. This Cone pJMT was deposited in .he Korean CC.ecr.on for Type 
Cultures on May 29, 2000 under accession number KCTC 0794BP. 

To examine the activity of said enzyme, NCB, (Nationa, Center for 
Brolnformatton, gene database was searched. As a resuit, 

t „ ,he gene for SAMT gene product under Accession number AF133052 (Ross al 
Vm - = 1- but shows 43% homology with SAMT enzyme a. an ammo acd 
level (see Figure 2). 

Example 2. Construction of recombinant JMT gene and large-scale expression in 

Escherichia coli m , i t u p 

In order to clarify the ftnrction of pJMT clone produced tn Example 1, the 
coding site of this clone was recombined w„h E coli expression vector ,„ mducea 
„ large- cale expression thereof in E. co,. As the primers for amphficatton of JMT 
ge e, nucleotide seances represented by Science (D No. 4 and Sequence ID 
were used as the primers for PCR react.on in in-sense tmd an.,-sense dtrecuons, 

^"•rhe condirions for PCR reaction are as follows: The gene was placed in a 
2 „ Buffer solution containing 10 mM Tris (pH 83), 50 mM potassium chloride 0.8 mM 
mag „esium chloride for 2 minutes a, 94°C, and then repeatedly subjected 30 ttmes to a 
reaction cycle consisting of one minute a, 94°C (denaturation); 1.5 mmute at 56 C 
alahng ; and 2, minute a, 72'C (extenaron) and fttrther reacted for ,0 — a, 
TTC a, the fina. step (DMA Thermal Cycler 480, Perhin Elmer, Tl» resu. mg PCR 
25 product was e.ectrophoresed on 2% agarose gel, isolated using Geneclean k , (BmRad 
USA), and men cleaved with restriction enzyme EcoRI and tnserted tnto E. co, 
expression vector pGEX-2T (Pharmacia, Sweden), whtch was previously cleaved wrth 
the same restriction enzyme (see Figure 3). The recombinant express.on vector 
pGST-JMT thus produced produces a fusion protein formed by combining the ammo 
„ ermma, of JMT gene with Ore carboxyl terminal of GST (glutathione S-transferase) 
IllLl of L promoter. E. coU BL21 was Wormed with the recombinant 
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piasmid prepared above, and then incubated and treated w,.b 0.5 - ,sopr pyhp-D- 
hiogalactoside to induce the expression. The recombinant protem was raolated » a 
pled state by gmtathione agarose chromatography and Snperdex 2 0 column 
chromatography and then analyzed for its purity by SDS^opho^s (s* Ftgur 
5 4) As a result, it could be identified that the recombman, proton GST-JMT havmg 
th e expected size (molecular weigh, 67,000) was isolated in a purified stare. 

Example 3. Assay for enzyme activity of recombinant JMT protein 

The recombman, enzyme protein as isolated in a purified state by Example 2 
10 was reacted with JA and SAM as the substrate and then subjected ,o gas 
chromatography and mass spectroscopy to identify the synthesis of JAMe. 

in the test tube, 1 mM JA and 1 mM SAM were introduced in the presence of 
,00 mM potassium chloride, mixed with 10 pmo.e of the recombinant enzyme protem 
isolated in a punfied state to mahe ,00 p. of a total volume of the reacon so lut.cn 
„ and then reacted together for 30 minutes a, 20°C. The reaction product was exacted 
with ethyl acetate and then 3 pi of the ethyl acetate concentrate was analyze by gas 
chromatography. As a result, the reaction produc, was detected after the same 
mention time (U.7 minutes, as the standard JAMe and has me molecular we.g , o 
224 as like as the stendard JAMe (see Figure 5). From the above result ., could 
20 confirmed that cDNA clone pJMT is a gene for JMT enzyme. 

Alternatively, when the activity for the enzyme reactton usmg JA and 
rC] SAM as the subsume is defined ,o be 100% as shown in Figure 6, ,he reac.ton 
using SA or similar benzoic ac.d (BA) instead of JA as the substrate was substan tally 
„o, proceeded. Therefore, i, could be determined that JMT enzyme protem as tsolated 
25 in a purifierl state is specifically reacted withJA. 

Further, the crude protein extract was reacted wrth 6.4 mM [ C]SAM and 
m M JA as me substrate in the presence of ,00 mM potassium chloride for 30 minutes 
a, 20»C and men analyzed for me ["C]JAMe production acfvtty. The «su <hu 
obtained ,s dep.cted In Figure 7. As can be seen from Ftgure 7, the Q AM 
30 production activity in the crude extract of transgenic An**** amounts up to 
times the activity from the wide-type plant. 
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Example 4. Enzymatic characterization of recombinant JMT protein 

' Using SAM ana )A as the substrate, the reiationship between ,he subsh* 
concentration and the reaction Kinetics was exammed. From ">££g 
KJK. were obtained by Lineweavet-Burk plot and ft. result . hated ,n the fol.ow.ng 

Table 1. 

Table 1. Kinetic parameter of jasmonie acid earboxyl methyltransferase 



10 



15 



Substrate 




V m (nmole/min)l 




KeACuM-'s-) 

ill 


SAM 


63 


84 


70 


0.4 


(±)JA 


38.5 


30 


15 





Example 5. Production of transgenic plant using JMT gene 

' To transplant JMT gene into the plan, JUT gene was recombined to a vecmr 
for plan, transformation. The recombinant plasmid pCa^T was constructed by 
Z! t GUS gene from pB.121 vector (C.onTech, USA) having Kanamyem-— 
ZL gene and CaMV3 5 S promoter as the basrc promoter and then 
gene Ceaved with Ajm into M she of P BI12. vector (see F.gure 8). The obtrnne 
lomblnan. plasmrd was induced into Z 
Mol Gen. Gene, 204:383-396, 1986) using fteeze-thaw method (Holster M. at, 
Mol Gen Genet. 163:181-187, 1978). 

Firs,, — was incubated in 5 ml of YEP (yeas, exhac, 

20 P ep,o„e) medn/m for 24 hours a, 28«C and then centred with ,000 rpm or 
minutes a, 4°C. The bacteria, pellets thus obtained were resuspended .» 1 ml of 
r l S ,um chloride somtion and abou, 1 Pg of vector DNA ^ = 
in JLd .herein. The mixmre was heated with liquid nrtrogen for m mute and & 
another 5 minutes a, 37'C and men 1 m, of YEP medium was added .hereto. Th 
ba c,e,ia, strain was incubated for ,4 hours a, 28X, eolieCed -d ,hen .ncuha e ■ 
YEP mednrm co„,aining gentamycin (25 pg/ml) and hanamycm (50 ug/ml) for 2 
days a, 28°C ,0 selec, only the strain transformed with pCaJMT. 
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m eth„d (Cough and Ben,, Plan, J. 16.735 743 1998) « ^ ^ 

■ , • vcd ^prlium containing antibiotics, centritugea ana mc f 
ovemtgh. * YEP medium wnum g ^ usA) ^ ^ . 

5 MS medium supplemented wtth 0.05 /. S.lwet L I ^y^* 
„,. To this suspension was — ^ .owed - - * 

whtch begins «o eome ou, flowers for 1 mmme, wh ^ 
coo. shade overnight after remov.ng water. On *• * » 

„ incubation chamber and rhen — ^ ^ ' £ , he ^ 

15 experiment. correctly inserted, the 

ta ori er to tdenttfv whether the recomom n gen- ^ 

— r its r — ^ — - 

^ ' dent Lher observed in addition to the original gene in 

ZOkbp and 0.7kbp secfons were further obse^d ^ ^ 

♦ r*/,wm sites are present on the upstream ^ f 

stably inserted into the transformant. 



30 
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Example 6. Identificafion of expression oUMT gene in .ransgenic plan, 

,„ orde, .o identify whether transgen.c Ara^s over-expres.es JMT gene 
or not, Northern blot analysis was conducted. 

Firs , fcaf tissues of transgenic Arabidopsis from wh.ch JMT gene was 
5 detected was fieated whh a single-step RKA isolation meihod (C ontczy* 

62: ' 56 - 159 ' 1987) W iSObK 3 t0ta ' ^ ^ d men 
r^leaf ^s was ^^^^J^LZ 
vigorously shaken with ,0 m, of TRI-reagen, (S.gma, U.SA.) 
a, owed ,0 stand on ice for ,5 minutes. Then, 2 m. of chloroform was added and well 
w It! ogedrer. The mixhire was al.ov.ed ,o s<and for ,5 minu.es a, room tempest 

,0 m, of isopropyl alcohol was added ,here,o. The mrxtere was aUowed 
to 10 minutes a, room tempore and men again cenmfuged wnh lO.OOOXg for 20 
lis. Afier cen,r, &g a,ion, me supema,a„, was discarded ,o separate be 
15 predated KNA, which was ,hen washed with 75% e.hano,, drssolve in DEPC- 
distilled water, q uan«,afively * by measuring ,he opocal densdy of 
nn »nriOD and then stored at -70°C until it is used. 

0D "' 1 oT^ a ,ote, RNA isolated as ahove was concerted - - « 
of 4, p, and then was adjusted ,o a ,ote! volume of 20 pi hy addmg I Ox MOP ^ 
20 M a-WolinCpropanesulfonic acid «pH 7.0, 50 mM sodnm, . 

EDTA (pH 8.0)], formamide and formaldehyde m me rat.0 of 1 .1.8.5. The g 
n was hel,rea,ed for ,5 minutes a, 65°C ,0 loose <he secondary s— »eU 

(pH 8) 0.25% bromopheno. blue, 0.25% xylene cyanol FF) and then slowly 
ICphoresed on 1.5% agarose ge, conteinmg formaldehyde (2, M, m me rado of 4 

V/OT ' The developed RNA was immersed in DEPC-.rea.ed water for abou, one hour 
t „ remove formaldehyde and men deferred to nylon membrane (Hybond^ 
Aro ersham) by a capillary transfer method over ,6 hours or more and fixed wrdv UV 
30 ration ( 54 nm, 0.18 W,W) - be used for hybridization. MT^ was labele 
ItidCTP using a random primer labefing (Boehringer Manbcm) and used 
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as the probe fo, hybridization. The prehybridtzation so,utio„ (5x SCC, 5x Denhardtis 
reagent, 0.,% SDS, .00 pg/m. denatured salmon sperm DNA) was added to nylon 
nrembrane to whieh RNA is eomple.e,y eombined. and allowed ,o stand in an oven for 
hybridization for 2 hours a. 6S°C. Tften, .he labeled probe was denatured for 
5 ntinutes in boiling ware, added ,o prehybridization solution and 

for 18 hours. On the next day, nylon membrane was rinsed in 2x SCC, 0.1% SDS for 
,0 nttnutes a, room temperature, rinsed again in 0.2x SCC, 0..% SDS for 20 mmu.es 
and ,ben washed a, elevated temperature of 65°C while measuring the srgna, wrth 
Geiger counter. After washing is completed, nylon membrane was covered wtrh wrap, 
10 overlaid with X-ray film and then sensitized at -70°C. 

As a result, as can be seen from Fignre 10, 1, was identified that transgenic 
Arbidopsis over-expresses JMT gene. As can be seen from genome blot in Example 5 
dta****** naturally contains JMT gene, such gene is specifically expressed 
only in fiowers bu, not in leaves as indicated by Northern bbt analysis. However, he 
15 transplanted foreign recombinant JMT gene was untformly expressed throughout the 
who.e plan, body by recombining me gene wi*CaMV35S promoter. 

Further, me express.on of genes including .405, JR2, JR3. DAHP, LOW. VSP, 
etc which are induced when me plan, is externally treated witir ,A or JAMe was also 
examined. As a result, it could be identified that such genes are cons.sten.ly 
20 expressed in the transgenic plan* transformed with JMT gene (see Figure 10 . Th, 
suggests mat the express.on effect induced by JMT gene as transplanted mto the plant 
is similar to that induced by the external treatment with JA or JAMe. 

Exam P .e 7. Identification of resistance of transgenic P >an, against funga. diseases 

The transgenic Arabics transformed with JMT gene was inoculated w„h 
,he causative pathogen of gray mold rot M » «* « " 

JMT gene on dte resistance against fungal pathogens in the plant body. Each of 
transgenic and wild type ***** was eu.tivated for 7 weeks and then spray- 
inoculated on their ieaves with the spores of pathogenic fungi at tire concen.rat.on o 
30 ,07ml. As a resuh, 1, has been confirmed tha, after about 48 hours the w,ld-.ype plant 
completely died whereas the transgenic plan, did substantially not occur any change 
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(see Figure 11). In case of the pathogens belonging to Phytium genus, it has been 
reported that the — t with japonic aeid even at the level of 130 uM has no 
effect on the growth of pathogen (Yyayan et ai, Proc. Natl. Acad. Sci. 95:7209-7214 
1998) This finding suggests that the reason why the transgenic plant transformed 
with JMT gene exhibits a resistance against pathogen is that the transgenic plant 
eonsistently expresses various resistance-related genes as induced by JA and JAMe 
rather than that JAMe synthesized in the plant body directly inhibits the growth of 
pathogens. However, the transgenic plant does not occur a significant difference from 
the non-transformed wild-type plant in view of their general growth propert.es. 

Example 8. Investigation of resistance of transgenic plant against bacterial 
diseases 

" ' " " The transgenic Arabidopsis transformed with JMT gene was inoculated with 
the causative pathogen of bacterial black spot (Pseudomonas syringae pv tomato 
CD3000) to investigate the effect of JMT gene on the resistance against bacterial 
pathogens in the plant body. Each of the transgenic and wild type Arabidopsis was 
cultivated for 7 weeks and then spray-inoculated on their leaves with cells of 
Pseudomonas syringae pv tomato CD3000 at the concentration of lO'/ml. As a result, 
it has been confirmed that after 3 days the wild-type plant occurred transparent yellow 
lesion starting from the edge of leaves whereas the transgenic plant which 
consistently expresses JMT gene occurred merely a slight lesion on the edge of leaves 
(see Table 2). This finding suggests that the transgenic plant transformed with JMT 
gene has a resistance against bacterial pathogen. 

Table 2. Resistance of transgenic Arabidopsis transformed with JMT 
against bacterial diseases 



Non-transgenic 
(wild-type) 



Transgenic 
(JMT) 



Number of plants 



10 



10 



% Area of lesion 
60 
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Exatnp.e 9. Investigation of resistance of transgenic plan, against viral diseases 

The transgL ***** transformed with JMT gen. was inoculated wrth 
BCTV (beet curly top virus) to investigate the effect of JMT gene on tne resrstance 
JaL viral diseases in the plant bod, Each of transgenic and wrid type AraMo P s,s 
r lvared for 4 weeks and then moculated on .heir leaves with ^_ 
^formed with BCTV Cone by means of a syringe. As a resuU. ^ 
confirmed that affer 4 weeks the wild-type plant began to 
phenomenon on leaves whereas me transgenic plant, whrch cons.sten.ly expresses 
m no, occur any significant change (see Table 3). Thrs fmding suggests 
L the dansgenic plan, transfonued with JMT gene has a — agatns. vtra, 
diseases. 

Table 3. Resistance of transgenic Arabidopsis transformed with JMT 

against viral diseases 



15 





Number of plants 


Number of curled 
leaves 


Curled area of j 
leaves (%) 


Non-transgemc 


10 


47 


60 


(wild-type) 
Trnasgenic 
(JMT) 


10 


4 


5 



20 



25 



Example 10. Investigation of re Si s.anee of .ransgenic p.an. again*, harmful 

i,,SeC<S The dansgemc to***, transformed widr JMT gene was mocu.ated wi* 
20 dark winged fungus gnats in a reticular chamber .o tnvesfiga.e the effect o ,^ 
geIK on .he resis«ance agains. harmful insecs in the plan, body. Each o * 
:; sg enic and w„d type ***** - — d for 6 weelcs and . en — 
in a reticular chamber widr 20 dark winged fbngi gnat, As a result, d has ecu 

rransgenrc plan., which consis.en„y expresses JMT gene did no. occur any srgn tfiean 
(see Table 4). This finding suggests ma. me dansgenic plan, dansformed 
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with JMT gene has a resistance against harmful insects. 



Table 4. Resistance of transgenic Arabidopsis transformed with JMT 
against harmful insects 





Number of plants 


Eaten area of leaves 
(%) 


Survival rate 
(%) 


Non-transgenic 
(wild-type) 


10 


80 


40. 


Trnasgenic 


10 


5 


100 



10 



15 



20 



Example U. Invention of resistance of transgenic rice p.an, against bias. 

The transgenic rice plant transformed with JMT gene was moculated wrth the 
causative organism of blast disease (Ma^aportHe g risea) to investigate the effect of 
JMT gene on the resistance against the pathogens in the plan, body. Each of 
tra „ sg e„ic and wild-type rice plan, was enhivated for 10 weeks and men spray- 
inoculated with the spores of Magnapor.he grisea at the concentrate of 10 /ml, 
piaced overnight under relative humidity of 100% a. 25"C and then cultivated m a 
p,a„t incubator. As a result, it has been confirmed that after 5 days the wild-type plan 
occurred 5-10 brown spots on every leaf and therefore, its lesion area was calculated 
as about 80"/. whereas the transgenic plant which consistently expresses JMT gene 
occurred only less than 2 spots (see Table 5). This finding suggests that the transgemc 
nee plant transformed wirh JMT gene has a resistance against bias, d.seases. 

Table 5. Resistence of transgenic rice plan, transformed with JMT 
against blast diseases 





Number of | 
plants 


Number/area of lesions 
(number/%) 


Average number/area of 
lesions (number/%/plant) 


Non-transgenic 
("wild-type) 


10 | 


579/80 


57.9/80 


Trnasgenic 
(JMT) 


10 


37/5 


3.7/5 
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Example 12. Investigation of resistance of transgenic tobacco plan, against 

mosaic disease . , 

The transgenic tobacco plant transformed with JMT gene was moculated wUh 
tobacco mosatc v,rus (TMV) to mvest.gate the effect of JMT gene on the resistance 
against vital pathogens in the plan, body. Each of the transgenic and wdd type 
tobacco plants was cultivated for .0 weeks and then inoen,a.ed on their leaves w,th 
TMV together with carborundnm. As a result, it has been confirmed that after one 
week the wild type plan, occurred 50-100 brown spots on evet^ leaf whereas the 
transgenic plan, which consistent* expresses JMT gene occurred only less man 10 
slight spots (see Table 6). This finding suggests ma, the transgenic tobacco plan, 
transformed with JMT gene has a resistance against viral diseases. 

Table 6. Resistance of transgenic tobacco plant transformed with JMT 
against tobacco mosaic virus 



15 






Number of 
plants 


Number of lesions 


Average number of lesions 
per leaf (number/leaf ) 


Non-transgenic 
(wild-type) 


5 1 


387 


77.4 | 


Trnasgenic 

L _1IMD 


5 


61 


6.1 



20 



25 



Exam P .e 13. Investigation of res ls ,ance of transgenic potato plan, against 

Phytophthora infestans 

The transgenic potato plan, transformed with JMT gene was inoculated w.th 
the causative organism of late blight (Pky,o P h,Hora infests) to investigate the effect 
of JMT gene on the resistance against fungal pathogens in potato plant. Each of 
transgenic and wild type potato p.ants was cnftivated for ,2 weeks and then spray- 
inoculated with the spores of Pky,opH,Hora ibfesmns a, the concentration of 10 /ml. 
As a result, it has been confirmed ma, after one week the wild-type plan, occurred 50- 
,00 brown spots on every leaf whereas the transgenic plan, which consrsten.ly 
expresses JMT gene occurred only less than .0 spots (see Tab.e 7). This findtng 
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suggests that the transgenic plant transformed with JMT gene has a resistance against 
late blight in potato. 

Table 7. Resistance of transgenic potato plant transformed with JMT 







against late blight 






Number of 
plants 


Number/area of lesions 
(number/%) 


Average number/area of 
lesions (number/%/plant) 


Non-transgenic 
f wild-type) 


10 


464/70 


46.4/70 


Transgenic 
(JMT) 


10 


58/10 


5.8/10 



Exa-np.e 14. Iivestigation of r M is.ance of W a- S g.nic ci.ro* plan, agains. gray 

10 The transgenic citrus plant transformed with JMT gene was inoculated with 

the causative organism of gray mold rot (Botrytis cinerea) to investigate the effect 
of JMT gene on the resistance against fungal pathogens in citrus plant. Each fruit of 
transgenic and wild type citrus plants was spray-inoculated with the spores of 
Botrytis cinerea at the concentration of 10 7 /ml. As a result, it has been confirmed 
15 that after one week the fruit surface of the wild-type plant was substantially covered 
with gr ay mold whereas the fruit of the transgenic plant which consistently 
expresses JMT gene occurred infrequently one or two small ftmgal colonies on its 
surface (see Table 8). This finding suggests that the transgenic citrus plant 
transformed with JMT gene has a resistance against the causative organism of gray 
20 mold rot. 

Table 8. Resistance of transgenic citrus plant transformed with JMT 

against gray mold rot 



25 
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Average number/area of 
lesions (number/%/fruit) 




10 



15 



" Lsenic w— n with ^ g ene was inoculated ™* 

th e causative onanism of Fusarium wil, «W~> * * 

effect of JM7" g ene on the Stance a gai „s, the causative patten of ^ wd 
„ the plan, body. The spores of Fusarium o^porun, we,e suspended at fte 
llln of tf M and ntUed with a so.,, and then the seedling o — on 
plan , were transp.anted to the sou. As a result, it has been observed that after 3 week 
ritld-type plan, happened the sp,i«in g of stem and the decay of roo, whereas the 
^ enic pll that consistently expresses JUT g ene occurred few lestons bu 
to be relative* uonna, (sec Table 9). Thts flndina su gg ests that he 

watermelon. 

Table 9. Resistance of transgenic watermelon transformed with JMT 

against Fusarium wilt 









Number of inoculated 
plants 


Number ot mlectea 
plants 


Lethality | 
(%) 


Non-transgenic 


10 


8 | 


70 . 
10 


(wild-type) 
Trnasgenic 
(JMT) 


10 


1 
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10 



15 



Exampie 16. Investigation of stance of transgenic cucumber again* downy 

""^ The transgenic encumber plant transformed with JMT gene was inocnlated 
with the causative organism of downy mildew (Pseudoperonospora cubensu) to 
i„ves,,ga,e me effect of JMT gene on the resistance against causative pathogen of 
downy mildew in the plant body. Each of transgenic and wild-type cucumber plants 
was cultivated for 10 weeks and men inoculated with Pseudoperonospora a*m~* 
dividing leaves of cucumber infected with downy mildew into two and men applymg 
them in the ratio of 1/2 leaf per one leaf of transgenic plant. As a result, it has been 
observed that after 2 weeks the wild-type plant occurred happened yeUowrsh-brown 
spots starting from the edge of leaves and began to dry whereas the transgenic plan, 
that consistently expresses JMT gene occrured only a slight spot (see Table 10). Tins 
finding suggests that the transgenic cucumber plant transformed with JMT gene has a 
resistance against downy mildew. 

Table 10. Resistance of transgenic cucumber transformed with JUT 
against downy mildew 





Number of inoculated 
leaves 


Number of infected 
leaves 


Average area of 
lesions (%) 


Non-transgenic 
( wild-type) 


10 


8 


50 

_ - 


Trnasgenic 
, (JMT) 


To 


4 — 





20 



25 



Example 17. lnvea.iga.ion of drought resistance of transgenic M%* plan. 

The transgenic Arabidopsis plan, transformed with JUT gene was 
,„ves.iga.ed for the effect of JMT gene on a drought resistance of the plan, body by 
stopping water supply for 2 weeks. Each of transgenic and wiid .ype AraMopsis 
plants was cul.iva.ed for 6 weeks and men water supply was stopped for 2 weeks. As 
a result, it has been observed that even though water supply was reopened, most of the 
wild- W e plants has faded and died on, whereas fire transgenic plan, that consis.en.ly 
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expresses JMT gene exhibited a survival rate of about 65% (see Table 11) This 
against water stress. 

Tab.e U . Drought resistance of transgenic AMpsis plan, transformed with JMT 



10 



15 



20 





Survival rate I 




Number of plants 


Number ot 
survival plants 


(%) 

15 


Non-transgenic 


20 

1 


3 




f wild-type) 
Tmasgenic 
(JMT) _ 


20 


13 


65 

„ — ■ i 



Example 18. Investigation of sal. resistance of transgenic Arabidov™ Pl»"« 

The transgenic ***** f- ****** M *" A *™ 

investigated for the effect of JUT gene on a sal. resistance of ft. pU* b ody by 
IlaLg .he plan. a. a nigh sal. concen.ra.ion. Each « ^ 
AraMopsis plan.s was gcrnrinared in MS medium supplemented w,.h 300 mM sal. 
As a ll. U has been observed that after one week the wtld-tvpe plan, was 

substantially no. germinated whereas me transgenic plant that consistently expresses 
suDstaniiauy i6 Thjs fmd 

yMT gene exhibited a germination rate of about 82 A (see ) 
suggests that the transgenic plan, transformed with JMT gene has a resistance agains. 

salt stress. 

Table 12. Sal. resistance of transgenic Arabidopsis plan, transformed wim Jiff 





Number of plants 


Number of | 
Germinated plants 


Germination rate j 


Non-transgenic 


100 


8 


8 


(wild-type) 
Tmasgenic 
__ (JMT) 


100 


82 


82 
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Example 19. Investigation of c„.d resistance of ************ 

The transgenic An*** P>»< -stotmed win, gene was 

investigate, fot the effect of JUT gene on a cold res.stance of the plan, body by 
cultivating the p.an, at low temperature. Transgenic and wild type pta- 
vrere placed in a refrigerator a, 4°C for one week and then analyzed for the,, — , 
ra te after one week a, 23°C. As a resuK, it has been observed .ha, most of the w ,d- 
tvpe piants couid no, recover and has faded and died out whereas the .transgenic plan 
leh consistently expresses JUT gene exhibited a survival rate of abou 70* £ 
gre w datively in a healthy state (see Table 13). Ms firing suggests fat to 
Lgenic Plant transformed with JUT gene has a resistance aga,ns, temperature 
stress of the plant body. 

Table 13. Cold resistance of transgenic Arabidopsis plant transformed with JMT 





Number of treated 
plants 


Number of 
survival plants 


Survival rate 




Non-transgenic 


10 


1 


10 


( wild-type) 
Trnasgemc 
(JMT) 


10 

[ 


7 


70 



15 



20 



25 



Industrial A pplicability 

^^rTjasmonic acid carboxy. methyltransferase of the present mvention 
is a novel gene specifically expressed only in flowers of plants. By transform,,* the 
p,ant with an expression vector for plan, transformation containing satd gene, a 
Lsgenic plan, whtcb does no, occur adverse effect on genetal growth properties of 
th e pL and can effectively exhibit a high res.stance against general fttnga, dtseases 
b ac,erral diseases, vtra, diseases or damages due ,o barmfu, insect Mr -ta. 
bacterta, leaf blight, false smut and leafhopper in rice plant; scab m barley; brown spot 
in maize; mosaic disease in bean plan,; mosaic d.sease in potato; late b.tgh, and 
antirracnose in red pepper, soft rot, root-knot disease and cabbage butterfly in Chmese 
cabbage and radish; bacterial blight in sesame; gray mold rot and wtl, dtsease » 
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strawberry; Fusarium wilt in watermelon; bacterial wilt in tomato; powdery mildew 
and downy mildew in encumber; tobacco mosaic in tobacco; Fusarium wilt m tomato; 
root rot in ginseng; angular leaf spot in cotton plant; anthracnose and gray mold rot m 
fruit trees including apples, pears, peaches, kiwi fruit, grape and citrus; canker m 
apple; witches' broom in jujube tree; powdery mildew and rust in forage crops 
including ryegrass, red clover, orchard grass, alfalfa, etc; gray mold rot and wilt 
disease in flowering plants including rose, gerbera, carnation, etc.; black spot in rose; 
mosaic disease in gladiolus and orchids; stem rot in lily, and the like can be obtained. 
Said transgenic plant also exhibits a high resistance against various stresses including 
low temperature, water deficiency, high salt concentration, etc. Thus, since the 
transgenic plant according to the present invention can exhibit a high resistance 
against plant diseases with reducing the use of agrochemicals, it can be expected that 
the transgenic plant can greatly contribute to an increase in yield of economical crops. 
Further, the present invention revealed that JaMe is involved mainly in the plant 
resistance against phytopathogens and harmful insects. According to this, it is 
expected that JMT gene and enzyme protein according to the present invention can be 
effectively utilized to search the novel jasmonic acid carboxyl methyltransferase and 
gene thereof in developing the plant body resistant to phytopathogens and harmful 
insects in the future. 
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nuftAf-itSY vhsaT* on vhe intewatmwai. wwoonition Of Tn« ufiKwrr 
7f MICROOTCAHISMS F«l T«6 euftKMfi Of FKfttft WXWM 

INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

iabutfd puraUftM CO Hula 7.1 



,YJ ; SiSTr Apt 301-907, #65-32. Ch^won-dong, Seochc-ku. Seoul 137-0*0. 
Republic of Korea 



I IDENTIFICATION OF THE MICROORGANISM 



IdcitnticBWon relerence given by the 
DEPOSITOR: 

Escherichia coil 
MCl06l/pJMT 



Accession number tfivfcn by th« 

INTERNATIONAL DEPOSITARY 
AUTHORITY: 

KCTC 0794BP 



11. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC UKSH,NA IW_ 



The microorganism identified under I above waa accompanied by: 

I < I ii scientific description 

{ | a proposed pwtmomic designation 

(Mark wich a cross where applicable) 



1. TIECEIPT AND ACCEPTANCE 



This International Deputy Authority accepts the microorganism kknultal undei I above, 
which mi, received by it on May 29 2000. 



, v . R ECEIPT OF REQUEST FOR CONVERSION ; 

Th. microorganism identified under 1 above was received by this International Pepo*n 
Aiffhrniry nn « K«uest to conv * rt ,hn nr,B,n * 1 Aim *" ° 
under the Budapest Treaty was received by It on 



V. INTERN ATION AL DEPOSITARY AUTHORITY 



Nam*: Korean Collection for Type Cultures 

Address Korea Research Institute of 
Bioscience and Biotechnology 
(KfUBB) 

#52. Oun-donc. Yusong-ku, 
Taejon 305-333. 
Republic of Korea 



Signature(s) of person! si having rhf power 
to represent the Internufi'tnal Depositary 
Authority o( authorised orticiaUsJ 1 

BAE. Kyunu SooW. Director 
Date: June 01 2000 
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